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Introduction
Recent studies estimate that there are at least 30 different types of retinal
ganglion cell in the mouse eye. These cells are responsible for the connection
between the eye and the brain and, therefore, have important functions in
image formation. In addition, these are the cells that die in glaucoma, the
second leading cause of blindness. Even though the 30 types have been
characterized by their physiology, the genetics of each type is largely
unknown. This includes those genes that distinguish one type from another.
The goal of our project is to begin to characterize the differences between
these cells on a genetic level. In the lab, there is a mouse that has been
engineered to express a red fluorescent protein in 8 different types of ganglion
cells. Previously, students isolated red cells from the mouse retinas and
identified sets of mRNAs that were expressed in each cell. Through these
mRNAs, predictions have been made as to which genes define which ganglion
cells. However, we have not as yet been able to specifically identify which
genes are expressed in specific subtypes. The goal of my half of this project was
to characterize the expression of gene that had been previously associated with
different ganglion cell types. In the future these probes will be used to show
the overlap (or lack thereof) between known markers of ganglion cell subtypes
and our newly identified genes.
This is a visual representation of a retina. Our research focuses on the ganglion
cells, whose axons connect the eye with the brain. If the pressure in the eye
increases, such as in glaucoma, the ganglion cells die and the communication
between the retina and the brain is disrupted, resulting in blindness.
RGC Isolation Heatmap
Ganglion Cell Isolation
To isolate ganglion cells, retinas are dissected and then dissociated to individual
cells with the papain enzyme. With a pulled glass needle, the cells are harvested
and cDNA is generated and amplified using PCR. The cDNA from the single cells
are shown on an agarose gel. The lanes show the cDNA smears from single cells.
The first lane shows size markers and the last lane is a negative control.
This is a heatmap showing the expression of different genes (rows) in individual
cells (columns). The intense red color indicates a strong expression, while lighter
red boxes indicate lower expression all the way down to black, which signifies no
expression. The genes chosen for my project were indicated in the literature as
potentially being expressed in specific subsets of retinal ganglion cells.
In Situ Hybridization
Conclusions
• I designed, cloned and synthesized RNA probes to examine the expression of
specific genes in the retina by in situ hybridization.
• We observed expression of a small number of these genes in retinal ganglion
cells in the adult retina.
Marnie Rechtzigel, Bailey Mooney, Lauren Laboissonniere, Jeff Trimarchi
Generate cDNA from RNA isolated from mouse retinas
Design primers specific to each gene
Amplify with PCR to isolate the sequence of interest
Ligate the PCR product into a plasmid and transform the 
sequence into bacteria 
Grow bacteria on antibiotic plates
Purify the plasmid DNA from the bacterial culture
M13 PCR to linearize DNA
Sequence DNA to determine the direction 
the DNA was incorporated into plasmid
Transcribe direction specific probes using the linearized DNA 
and DIG-labelled nucleotides
Prepare sections
Hybridization with probe
Washes
Pre-incubation with sheep serum
Antibody incubation
Washes
Staining Reaction
Mounting
Observation
Harvest eyes from 
adult mice
Dissect out retina and fix 
in paraformaldehyde
Freeze retina in a sucrose 
and salt solution at -80°C
Section retinas 20 microns thick
L C
Relevance
http://brandoneye.com/our-services/surgical-eye-care/glaucoma-surgery/
http://medicaleyeassociates.com/glaucoma/
We used in situ hybridization to examine the expression of these mRNAs and
ask if they were, in fact, expressed in ganglion cells. In the adult, Cdh6 was seen
in a small number of cells in the ganglion cell layer, while Cartpt was seen in
both amacrine and ganglion cells. Col25a1 was not observed in the adult retina
so we looked earlier in 7 day old mice. Here we could observe Col25a1 in a
subset of ganglion cells. Cdh6 was again in a small number of cells in the
ganglion cell layer, while Fstl4 was oddly seen in the layer of connections
between the amacrine and ganglion cells.
